We continue our study of the effect of light fermions on the charge degree of freedom of magnetic monopoles. Even though the gauge coupling is weak, the Fermi vacuum is strongly perturbed by its coupling to the charge degree of freedom of the monopole. To obtain a correct picture of the vacuum we concentrate on the lowest partial wave of the Fermi field about the monopole core. We find that this simplified system can be transformed to an equivalent one-dimensional scalar field theory in which the original fermions appear as sine-Gordon solitons and the monopole charge is determined by the expectation value of the scalar field at spatial infinity. The scalar theory, though not soluble, is sufficiently transparent for us to extract the qualitative physics of monopole charge in the presence of light fermions: the Witten formula for the dependence of monopole charge on vacuum angle, Q"=e(n -0/2m), is true no matter how small the Fermi mass m; the fractional charge is spread through the Fermi vacuum over a region size rn ' and the excitation energy of a charged state is of order m; the existence of vacuum structure on such a small energy scale means that certain exotic fermion-monopole scattering processes have very large cross sections. In particular it appears that in grand unification theories monopoles will catalyze baryon decay at typical strong-interaction rates.
I. INTRODUCTION
In a recent paper' we gave arguments that the existence of light fermions should have a major qualitative effect on the charge, or "dyon, " degree of freedom of gauge-theory magnetic monopoles. We were able to give a detailed analysis of the zero-fermion-mass case, finding that the dyon electric field is completely screened and that the monopole is surrounded by an extended "halo" of chiral-symmetry-breaking condensate. The effect on this picture of nonzero fermion mass was not clear but we argued that, since quarks and leptons are in fact quite light, the zero-mass results should be closer to reality than the conventional picture based on pure gauge theory. Since Wilczek has recently presented general arguments that the total dyon charge is iridependent of the fermion mass (and therefore presumably does not vanish in the zero-mass limit) it has become important to explore the precise nature of the transition between zero and finite fermion mass.
In this paper we shall show how to take explicit account of finite fermion mass. In a nutshell, our previous method was to reduce 
Ao --0, P'=x, H(r) Since XyoX =X X is positive definite, the flow of charge for each kind of particle (+ or -helicity; particle or antiparticle) will have a definite sign. This in turn means that the charge of each such particle type will depend on whether the particle is moving toward or away from the monopole core, ' ' S(r, t;r't ) =So(rt;r't')+So(rt; r't')yo- ' In the language we have been using, the J =0 pieces of the radial chiral and electric charge densities may be expressed in terms of our "one-dimensional" This mechanism was invented to exorcise "strong CI' violation" (0 Fiz. 33, 6S8 (1981) [JETP Lett. 33, 644 (1981) 
